The mathematical sciences play a foundational and crosscutting role in enabling substantial advances across a broad array of fields: medicine, engineering, technology, biology, chemistry, computer science, social sciences, and others. Due to this foundational role, the delivery of excellent post-secondary mathematics education is essential to the present and future well being of our nation and its citizens.
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We greatly appreciate the engagement of PCAST in the challenges of post-secondary mathematics education. A key finding of the 2012 PCAST Engage to Excel report is that mathematics education is a critical component of all undergraduate STEM degrees. We share this perspective of mathematics education as an enabler of STEM careers, provider of broad mathematics literacy, and shaper of the next generation of leaders in our increasingly technological, data-driven, and scientific society.
The report also found that current deficiencies in mathematics learning are partly driving the loss of STEM majors in the early college years. We acknowledge many of the shortcomings highlighted by the report. The wake-up call delivered by PCAST has sharpened the awareness of the mathematical sciences community of the need for intensive, broad-scale efforts to address these problems. We emphasize that efforts by a great many in the mathematical sciences community predated PCAST's report, that progress is being made, and that plans are in place to broaden these to a community-wide effort.
Our task is to encourage and help lead constructive actions that will address the difficult and varied challenges facing post-secondary education in the mathematical sciences. How should mathematics educators improve developmental education in order to enable students to aspire to STEM careers? How should mathematical scientists in colleges and universities augment their cooperative efforts with "partner disciplines" to best serve the needs of students needing basic university mathematics? How should mathematical sciences departments reshape their curricula to suit the needs of a well-educated workforce in the 21st century? How can technology be best used to serve educational needs?
These questions must be answered in the context of a changing landscape. There are growing disparities in the preparation of incoming students. A third of all undergraduate mathematics students are enrolled in precollege level mathematics. At the other extreme, almost 700,000 high school students in the US completed a course of calculus this past year. The mathematical sciences themselves are changing as the needs of big data and the challenges of modeling complex systems reveal the limits of traditional curricula.
The NRC report The Mathematical Sciences in 2025 eloquently describes the opportunities and challenges of this shifting landscape. This report should serve as a springboard for initiatives in mathematics education that more closely intertwine the learning of mathematics with the appreciation of its applications. However, the mathematical community alone cannot bring about the scale of changes called for in Engage to Excel. Building on all the activities in mathematics education underway or that have arisen as a result of the PCAST report, we ask for PCAST's help in promoting greater awareness, collaboration, and cooperation among all of the scientific disciplines who are working to prepare the STEM workforce of the future.
Appendix A. Educational Activities
The mathematical community is engaged with educational activities on a national level. Its work extends from research into practices that promote student learning to programs that focus on bringing new innovations to larger numbers of students. Within the past five years, 41% of mathematics departments at research universities have added inter-disciplinary undergraduate courses with Biology. 4 National efforts include the Mathways 5 and Statway 6 programs that are assisting under-prepared students at two-year colleges, while Modeling Across the Curriculum 7 is working to embed computational learning and exposure to modeling and simulation in early STEM courses. We briefly mention the thriving community for Research in Undergraduate Mathematics Education 8 and two particularly noteworthy studies. The first, Characteristics of Successful Programs in College Calculus, 9 surveyed course coordinators, instructors, and students at 213 colleges and universities to learn the aspirations and experiences of those who study Calculus and the factors that encourage persistence and retention. The second is a study out of UC-Boulder into the effectiveness of Inquiry-Based Learning (IBL) methods as practiced at four prominent research universities. 10 More information on these studies is provided in Appendices B and C.
The increased engagement by our community with other STEM disciplines is evident from the STEM education activities of our professional societies and of the many academic departments to which its members belong. A representative snapshot of these activities is given below. Many of these activities involve significant fractions of the faculty members in academic departments at leading universities.
The mathematical sciences community has a long history of integrating evidence-based innovations into undergraduate teaching. Examples from the past three decades include the integration of calculator-based lessons into freshman and sophomore courses, the introduction of conceptual-based work in the calculus curriculum, the development of active-learning methods, the integration of computer-based lessons, major revisions in ordinary differential equations courses for engineers, the introduction of web-based class resources, the explosion in the development of new mathematics courses for life science majors, and the use of on-line videos.
The community is currently involved in experiments that flip classes, use computer-based testing, replace expensive static textbooks with interactive on-line resources, and more. The best practices that emerge from these experiments will also be adopted by the mainstream curriculum.
Many of the activities of the mathematical community directly address issues raised in Engage to Excel, including an anticipated "national conversation" on the report to begin in January 2014, intended as a major step in efforts to scale-up successful programs.
University of Michigan's approach to Calculus, which includes small classes taught by graduate students and post-docs who receive training and supervision in techniques of active learning.
• Arising from a strategic initiative of the American Statistical Association, the Consortium for the Advancement of Undergraduate Statistics Education (CAUSE) 12 is a national organization whose mission is to support, advance, and disseminate undergraduate statistics education in the four target areas of resources, professional development, outreach, and research.
• In the 1950s and '60s the MAA's Committee on the Undergraduate Program in Mathematics (CUPM) 13 undertook the creation of the modern undergraduate curriculum in mathematics to serve the needs of engineering and science majors. This committee continues to monitor and suggest refinements to this curriculum. In the early 21st century, CUPM launched the Curricular Foundations Project to build understanding within mathematics departments of the needs of partner disciplines.
Addressing the mathematics preparation gap:
• There are successful and widely implemented programs that supplement Calculus instruction with just in time delivery of precalculus topics by stretching the first term of calculus over two terms.
• The University of Illinois at Urbana-Champaign has been a leader in the use of placement exams that incorporate and direct students to online tutoring.
• Greater attention is being paid to issues of advising and its use as a tool for recruitment. The University of Arizona is nationally known for its efforts to recruit and advise Hispanic students with the potential to succeed in mathematically intensive majors.
• The American Statistical Association (ASA) and National Council of Teachers of Mathematics (NCTM) are working together to support high-quality training and professional-development opportunities that will help prepare teachers lead classes on statistics.
• The Conference Board of the Mathematical Sciences (CBMS) has produced The Mathematical Education of Teachers II (MET2), 14 which focuses on the mathematics and statistics preparation of K-12 teachers in response to the Common Core State Standards. The ASA board recently funded a project to create a companion report on the statistics education of teachers.
Diversifying pathways to STEM careers:
• Many colleges and universities now use courses other than Calculus-for example, discrete mathematics, linear algebra, or statistics-as entries to the serious study of mathematics.
• Both the US Military Academy at West Point and Macalester College have refocused introductory
Calculus from a study of differentiation and integration to the study of dynamical systems. • SIAM's Modeling across the Curriculum has, as its overall objective, to "engage and keep young people in STEM disciplines, from K-12 through undergraduate (and graduate) studies, and into the workforce." Its major themes include: o Expansion of modeling in K-12. o Development of a high school one semester or one year modeling course with stratified content. o Development of modeling-based undergraduate curriculum. o Assessment of the effects of such efforts on college STEM readiness and retention in STEM majors. o Development of a repository of materials for all aspects and levels of math modeling instruction and understanding. This includes but is not limited to course lesson plans, articles, books, web sites, videos, contests, problems and solutions.
• 
Catalyzing widespread adoption of best practices:
• MAA began Project NExT (New Experiences in Teaching) 19 in 1994. It provides an extensive introduction to the profession for new PhDs in the Mathematical Sciences and provides extensive information about effective ways of approaching teaching and learning as well as continuing networking and mentoring. It has now mentored close to 1500 faculty.
• The CUPM Curriculum Guides 20 provide guidance on undergraduate curricula and instructional practices that support all students studying mathematics. They are widely disseminated among department chairs and discussed at sectional and national meetings.
• The Research in Undergraduate Mathematics Education (RUME) community has been pro-active in publicizing research results in formats that are accessible to mathematicians. An example is the MAA publication Making the Connection.
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• SIAM has been involved in various STEM activities through its Education Committee and other groups. One example is the recent Mathematics in Industry 22 report, which surveyed about 25 companies as well as recent graduates of masters and doctoral programs who took non-academic positions to analyze training for non-academic careers.
• AMS is pushing education issues through the activities of its Committee on Education and has endorsed a statement of policy 23 concerning the role of mathematicians in college-level teaching of STEM students.
• AMS publicizes Innovations in College-Level Mathematics Teaching, 24 showcasing examples of ongoing educational collaborations.
• AMS also undertook and has published an influential study on the use of web-based homework.
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• ASA published and has heavily promoted the GAISE Reports (Guidelines for Assessment and Instruction in Statistics Education).
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• The Journal of Statistics Education 27 is a free, online, international journal focusing on the teaching and learning of statistics.
• The Academy of Inquiry Based Learning 28 provides support and resources for the adoption of active learning strategies. Several hundred enthusiasts, as well as many who are simply curious, attend its annual meeting. Its primary outreach is to new faculty.
• There has been considerable experimentation with how to best incorporate internet-based resources into instruction. These run the gambit from videos, animations, interactive hyper-linked text, expert systems, on-line forums, and many other new formats. National meetings bring mathematicians together to compare notes and gain a greater sense what works best.
Encouraging partnerships among stakeholders:
• Encouraging such partnerships is the main purpose of the NRC report, The Mathematical Sciences in 2025.
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• MAA launched the Curriculum Foundations Project 30 in 2000 as a series of workshops to build understanding within the mathematical community of what partner disciplines need for their undergraduates from departments of mathematics.
• There are eight mathematical institutes funded by the Division of Mathematical Sciences (DMS) of the National Science Foundation, many of which were founded specifically to encourage partnerships among stakeholders. All of them have been active in fostering dialog around educational issues. Much of their outreach activity is directed toward encouraging the careers of under-represented groups in the mathematical sciences. Collectively, they have been a significant player, on both the level of research and of personal contacts, in creating bridges between the mathematical sciences and other fields, and have had an impact on the culture of the mathematical community. These institutes have strengthened connections between the mathematical community and application areas, and between different areas of mathematics and statistics. This vitality has had a major impact upon the culture of our community that is evident in The Mathematical Sciences in 2025 report.
• In fall 2010 we surveyed Calculus I coordinators, instructors, and students at 213 colleges and universities across the United States, ranging from research universities to two-year colleges. This past fall, we conducted follow-up case study visits at 16 of the institutions that were shown to have calculus programs that have higher than expected rates of persistence and retention. This section begins with selected summative data and concludes with observations from the case studies.
I. Selected Summative Data. Roughly 300,000 students study Calculus I in college or university each fall, of which 111,000 (37%) are at research universities. While the most common intended major among Calculus I students at research universities is Engineering (34%), the Biological and Life Sciences come close with 31%. The Physical, Computer, and Mathematical Sciences combine to constitute only 10% of Calculus I students. Over 70% of Calculus I students at research universities have already completed a calculus course while in high school.
From the CSPCC survey data, 67% of research mathematics departments provide professional development activities or speakers who address methods for improving undergraduate instruction, and 62% of instructors stated that the scholarship of teaching and learning is either moderately or very valued by their colleagues in the department While most Calculus I instructors at research universities (64%) believe that lecture is the most effective means of teaching, only 27% agree or strongly agree that this is the best approach to teaching, with 37% mildly agreeing. At the same time, 74% have a strong interest is raising their own awareness of how students learn, and 92% have a strong interest in improving their own teaching.
Clickers are available for the use of instructors at 64% of research mathematics departments, and 33% of departments provide training and support for their use. The uptake of this tool has been slow. So far, only one of the 73 surveyed research universities requires the use of clickers in the calculus course, one additional university recommends their use, and 7% of instructors use them.
Almost all Calculus I instructors at research universities (92%) want to convey the relevance of calculus to their students. Two-thirds (67%) frequently or always look for applications when planning their lessons. Almost all (98%) look for applications at least occasionally.
